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[. INTRODUCTION

Nitramine propellants refer to propellants containing either of the
cyvcelic nitramines, RDX or HMX. Solid propellants in the Army inventory
are classified as single-base (nitrocellulose), double-base (nitrocellu-
lose and nitroglycerin), or triple-base (nitrocellulose, nitroglycerin,
and nitroguanidine). Nitramine propellants are being advocated to reduce
barrel wear and to reduce the vulnerability of conventional propellants.

The case for nitramine propellants rests with the relatively low
molecular weights of their combusticn products which produces a lower
adiabatic flame temperature for a given specific force., Nitramine pro-
pellants could replace conventional propellants cither to get higher
velocity with a given flame temperature or to keep the same velocity
with a lower flame temperature. In other words, nitramine propellants
behave like conventional propellants in that barrel wear 1s proportional

to the adiabatic flame temperaturel. Some experiments suggested, however,

that nitramine propellants produced more wear than conventional propel-
lants with similar flame temperaturcs2,3. More recent experiments4,>
run to check this anomaly produced some mixed results, but led to the
conclusion that the nitramine propellants behaved like conventional
propellants. Caveny and co-workers® found an HMX/inert-binder propel-
lant was more erosive than a single-base propellant with a similar flame
temperature; preliminary results at Calspan Corporation also produced

ZR. H. Greaves, H. H. Abram and S. H. Rees, "The Erosion of Guns',

J. Iron and Steel Institute, 119, 113 (1929).

0
“"Hypervelocity Guns and the Control of Gun Erosion", Summary Technical
Report of Diviston 1, National Defense Research Committee, Washingtonm,
DC, 1946.

e, F. Boggs, B. A. Helman and R. P. Baumann, "High Force-Low Flame Tem-
perature, Nitramine-Filled Propellants', Proceedings of the Inter-
national Symposium on Gun Propellants, Pileatinny Arsenal, Dover, NY,
October 1973.

4R. W. Geene, J. R. Ward, T. L. Brosseau, A. Niiler, R. Birkmire and

J. J. Roechio, " Evosivity of a Nitramine Propellant", BRL Technical

Report TR-02094, August 1978. (AD #A060590)

57. R. Ward and R. W. Geene, "FErositivity of a Nitramine Propellant with

Flame Temperature O; M30 PropeZZant" BRL Memorandum Report No. 02926,
June 1979. (AD #A074346)

o
‘L. H. Caveny, A. Gany, S. 0. Morris, M. Summerfield and J. W. Johnson,
"Effect of Propellant Type on Steel Erosion', Proceedings of the 1978
JANNAF Propulsion Meeting, Incline Village, NV, February 1976.
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more wear with a nitramine propellant than M30 propelluant despite the
lower flame temperature for the nitramine propellant?.

The tests reported here try to gather further data with nitramine
propellants and their conventional propellant counterparts. The compo-
sitions of a double-base, triple-base, and nitramine propellant with
similar flame temperatures were deduced with the Blake thermochemical
coded. Compositions were determined at three flame temperatures, 2,700,
3,000, and 3,300 K for a total of nine propellants. The Large Caliber
Weapon Systems Laboratory (LCWSL) manufactured a small lot of cach pro-
pellant for testing. The peak pressure in a closed bomb was determined
for cach propellant to verify computed propertics.

IT. EXPERIMENTAL
A. Propellants

The compositions of the nine propellants designed with the BLAKE
thermochemical code are listed in Tables 1-3. The grain dimensions and
the heats of explosion were measured and supplied by the LCWSL manufac-
turer. The initials NA, TB, and DB refer to nitramine, triple-base, and
double-base respectively; the integers 1, 2, and 3 denote 2,700, 3,000,

and 3,300 K flame temperature, respectively. The compositions of other
propellants fired in earlier tests are listed in Tablc 4.

The thermochemical properties of the propellants and the combustion
gases prodyced with a 0.2-g/cmd loading density are listed in Tables 5
and 6 based on results with the BLAKE thermochemical code, The following
information is provided: .

- adiabatic flame temperature, K,

- specific force, J/g,

co-volume, cm3/g,

- average molecular weight of the combustion gases, g/mole,
p - specific heat at constant pressure, J/molec,

vy - ratio of specific heats.

=23 4
'

The propellant gas compositions are also listed in unit: of moles of
gas per kilogram of propellant.

7 . . . .
F. Vassallo, private commnication, report in preparatiow.

8. Freedman, "BLAKE - A Ballistie Thermodynamic Code Hused o "TIZR",
Proceedings of the International Symposium on Gun Troyc-llarts, Tisatimiy
Arsenal, Dover, NJ, October 1973.
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TABLE .
composition (percent by weight)
Nitrocellulose (12.6% N)
Nitroglycerin

RDX

Lthyl centralite
Dioctylphthalate

Residual alcohol

Dimensions

Length, mm
Diameter, mm

Inner diameter, mm
Web, mm

Heat of explosion, J/g

NA-1

30.

15.

41.

1.

11.

0

6

.26

.78

.66

.56

3454

NA-2

30.

18.

41

0.

0

3

.5

.09

.21

.84

69

3869

COMPOSITIONS AND GRAIN DIMENSIONS OF THE NITRAMINE PROPELLANTS

NA-3
30.0
21.1

41.

(9]

10.90

0.84

4308




TABLE 2. COMPOSITIONS AND GRAIN DIMENSIONS OF THE
TRIPLE-BASE PROPELLANTS

Composition (percent by weight) TB-1 TB-2 TB-3

Nitrocellulose (12.6% N) 27.4 27.4 27.4

Nitrogylcerin 11.0 22.0 33.0

Nitroguanidine 59.6 48.6 37.6

Ethyl centralite 1.5 1.5 1.5

Sodium cryolite 0.3 0.3 0.3

Residual alcohol 0.2 0.2 0.2

limensions

Length, mm 7.06 9.80 11.60
Diameter, mm 1.68 2.1 2.50
Inner diameter, mm 0.71 0.84 1.00
Web, mm : 0.41 0.64 0.74
tleat of explosion, J/g 3622 3906 4375

10
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TABLE 3.

Compusition (percent by weight)
NMitrocellulose (13.25% N)
Nitroglycerin

Barium nitrate

Potassium nitrate

Lthyl centralite

Residual alcohol

limensions

Length, mm
Piameter, mm

Inner diameter, mm
Web, mm

Heat of explosion, J/g

11

DB-1
66.6
20.0
1.4
0.7
11.1

0.2

7.82

2.00

0.84

0.57

3417

DB-

COMPOSITIONS AND GRAIN DIMENSTONS
OF THE DOUBLE-BASE PROPELLANTS

2

09,

20,

1.

8

0

o

.68
.41
.04

.69

3793

DB-3

73.

20,

0.

2
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Fables 5 and 0 reveal interesting chemical differences amon s thc
vombustion gases. The triple-base propellants produce significantly
less carbon monoxide and higher amounts of water and nitrogen rcelative
to the Jdouble-base and nitramine formulations. The lower molccular
weights produced by the nitramine propcllants arise from reduction of
carbon dioxide and production of hydrogen,

B, Wear Measurements

The wear produced by a given propellant was determined by mass loss
trom o contoured noczle in the 37-mm "blowout' gun as was done in the
two carlier reportst, 5.

The blowout gun consists of the breech and chamber of a 37-mm gun
with the barrel scvered just before the forcing cone. A fitting wus

adapted to the barrel to hold the nozzle and the rupture disks. A
pressure-gage was placed at mid-chamber to obtain pressure-tine data.
A schematic of the blowout gun appears in earlier reports,d. ‘Thc

Jdevelopment of the blowout gun is recorded in references 9-11.

The shape of the contoured nozzle evolved from early experimentsl-
with cylindrical nozzles in which the mass loss per shot becamec constant
after the cylindrical nozzle was worn to the shape also depicted in retfer-
cnces 4 and 5. The nozzle was made from AISI 4140 steel.

After each firing the nczzle was brushed with a commercial cleanser
containing a mild abrasive, rinsed with soap and water, and dried. The
nozzle was weighed on an Ainsworth '"Right-a-way'" analytical balance.
With care, the mass loss could be measured within 0.1 mg. To achieve
this precision, the balance was zeroced, the nozzle weighed, and the zero
cheched for drift. This sequence was repeated until two no:zzle readings
aprced within 0.1 mg and the zero did not change. The following illus-
trates a typical sequence of weighings.

i.odWiegand, "Erosion in Vent Plugs", BRL Report lo. {00, - 100,
F. o wiegand, "Erosion in Vent Plugs-II-The Effect c¢;' Ver: o wo

ol BRL Report §78, January 1946.

L H. Wiegand amd B. B. Grollman, "Experiments on the Burning of Iy
Soop Blowout Chamber', BRL Report No. 588, November 1945.

nes ani E. R, Weiner, "Experiments on the Erosior .. ...
Tezhnique', BRL Report 1012, March 1957. (AD #135307,

e £l

[ AW

o3
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Weighing Mass, g
1 125.5207 zero drifted
2 125.5210 zero drifted
3 1.25.5211
! 125.5211

ty
w
w
to
—
—

reported nozzle mass 1

The care tahen during weighing is mentioned to show error in weighing is
not the reason tfor the previously observed?,d deviations in mass loss
repeatability.  Blank experiments were also done to show a nozzle could
be repeatedly washed, dried, and weighed with the nozzle mass remaining
within U1 mg.

ihe rupture dishs were punched from 14-gauge, hot-rolled steel (AIS]
Vitsi.  The measured disk thickness ranged from 1.73 to 1.75 mm (0.068-
0,009 in); Brinell hardness measurements on the disk surface ranged from
110 to 11o. The initial experiments? used l6-gauge, cold-rolled steel
{A500) which had a Brinell hardness less than 100; the l6-gauge disks
were 1,54 mm (0,060 in) thick. The combination of physical properties
and Jdisk thickness produced a range of rupture pressures as illustrated
below.

Rupture Pressurc, MPa

Number ot Disks A366 (1.54 mm) A415 (1.75 mm)
2 193 248
3 283 324
4 413

Charge weights were determined by computing the propellant mass
required to give 303 MPa (44 kpsi) for two shear disks and 393 MPa (57
wpsi) for three shear disks to insure sufficent gas was generated to
shear the Jdisks cleanly and reproducibly.

lhe charges were ignited with MIBIAZ percussion primers except where
noted.
ITI. RESULTS

The peak pressures measured in a closed vessel are summarized in
Table 7 along with the impetus calculated from the following:

F =Pl ~-nj (1)
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where

I - specitic force or impetus, J/g,

& = doading density, g/emd,
no= oco-volume, cnd/g,
P = maximum pressure, MPa,

Fhe agrecment between the experimental impetus and the impetus computed
trom the BLAKE thermochemical code shows the propellant manufactured at
the LUWSL conforms to the composition specified.

fhe tiring record tor this test series is placed in Appendix A,
while Appendix B illustrates pressure-time curves for the propellants
tested. A new nozzle was used for each propellant, Tables 8, 9 and
o summarize the wear measurements for the nine propellants at ecach
rupture pressurce.  the mean mass loss per shot and sample standard devi-
d4tion are computed along with the slope and the intercept determined
from a lincur least-squares fit of the mass losses vs shot fired. In
seneral the slope of the lincar least-squares line agrees with the mean

aiss loss. A similar observation was made in the first two test scriesd,o.

fables 11 and 12 collect the sample means and standard deviations.
By 1nspection one sces crosion increases with flame temperature and is
independent of the type of propellant for a given flame temperature.
Une exception might be NA-2 which might be higher than DB-2 or TB-2 at
3210 MPa. Nonctheless, the crosion from NA-2 is still below the erosion
produced by the three 3,300 K propellants, and NA-2 produced comparable
crosion to bB-2 and TB-2 at 248 MPa. One must temper conclusions drawn
trom the 148 MPa results because of the relatively large standard devi-
ations comparced to the mean crosion rate.,

lables 15 and 14 summaricze the erosion results with other propel-
lants tested.

19
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l
FABLE 8. SUMMARY OF EROSION MEASUREMENTS FOR DB-1, 1.1, Vot LA ;L
'B-1 crosion, mg TB-1 crosion, mg NA-1 crosion, mg ;
sample No. 248 MPa 324 MPa 248 MPa 324 MPa 248 MPa 324 MPa ;
1 2.4 1.8 5.0 3.2 2.0 1.5
2 3.5 2.3 3.1 2.5 1.8 2.0
3 1.5 2.3 2.7 1.1 2.2 0.3
l 2.1 - 3.1 - 1.3 -
5 1.5 - 2.2 - 3.7 -
0 1.5 - 2.5 - 1.1 -
B 1.7 - 3.2 - 2.0 -
3 1.7 - 1.9 - 2.4 -
9 1.6 - 2.4 - 1.3 -
10 1.2 - 2.3 - 1.4 -
11 1.5 - - - 1.2 -
. 12 1.4 - - - 1.8 -
13 0.8 - - - 1.6 - ]
14 - - - - l.o -
1> - - - - 1.0 -
Lo - - - - 1.1
slope, mg/shot 1.6 - 2.0 - L -
intercept 2.5 - 3.0 - Lt -
mean, mg/shot 1.7 2.1 2.8 2.3 Y 1.5
std dev 0.7 0.3 0.9 1.0 0.7 0.9
charge mass, g 75 91 74 90 70 85




. ello9L SITBARY OF LROSTON MEASUREMENTS FOR DB-2, TB-2, AN NA-2

DR-2 crosion, mg TB-2 erosion, mg NA-2 crosion, mg :
wample NoL 218 MPa 310 MPa 248 MPa 331 MPa 248 MPa 331 MPa
! 4.2 3.4 5.5 3.3 2.3 10.7 :
2 VLU 5.0 2.8 5.2 1.8 7.1
5 5.1 3.7 2.9 4.8 1.6 4.0
! 205 1.3 2.9 3.7 2.2 5.6
) )2 3.3 3.1 3.3 3.7 8.1
‘ 5.1 - 4.1 - 2.4 -
2.0 - 3.0 - 2.4 -
) 2.9 - 2.1 - 2.8 -
) 1.0 - 2.1 - 0.5 -
{0 5.2 - 4.2 - 3.1 -
il 5.0 - 2.9 - 4.0 -
- 2.8 - 3.7 - 3.9 -
s 25 - 2.2 - 2.2 -
[l 2.2 - 2.3 - 2.2 -
15 1.9 - 2.3 - 2.4 -
; 1o 2.5 - 3.0 - 2.5 -
i A - 2.8 - 2.7 -
Lope,
“ahot 2.7 4.1 2.9 4.2 2.0 5.9
intoroent 2.7 -0.2 2.9 -0.3 -1.7 4.9
aean, me/<hot 2.8 3.9 3.0 4.1 2.5 7.1
ey 0.7 0.7 0.9 0.9 0.9 2.5
Jharge muass, ¢ 73 85 71 87 68 82 ]




FABLE 10, SUMMARY OF EROSION MEASUREMENTS FOR DB-3, T

DB-3 crosion, mg
324 MPa

Sample No. 248

TB-3 erosion, mg
248 MPA 324 MPa

AND NA-3

NA-3 erosion, mg

MPPa

1 2.
N 1.
5 3.
} 3.
5 2
0 1.
5 4.
3 3
9 5
10 3
11 4
12 3
13 5.
14 5
15 5

slope,
mg/shot 3.
intercept -5.

mean, mg/shot 3,

std deviation 1.!

charge mass, g

~

14.9

12.2

12.6

1.6

13.9

2.9

87

w
.

.5

.9

[¥2)




TABLE 11. WEAR MEASURED AT 248 MPa RUPTURL PRESSURL:*

Double-Base Triple-Base Nitramine
1 1.7 + 0.7 2.8+ 0.9 1.9 £ 0.7
2 2.8+ 0.7 3.0 £ 0.9 2.5 %+ 0.5
3 3.7 £ 1.4 4,1 + 1.7 3.6 £ 1.5

*
Wear in mg/shot; error given as sample standard deviation.

TABLE 12. WEAR MEASURED AT 324 MPa RUPTURE PRESSURE*

Double-Base Triple-Base Nitramine

1 2.1+ 0.3 2.3+ 1.0 1.3 £ 0.9

2 3.9 0.7 4,1 £ 0.9 7.1 £ 2.5

) 3 13.9 = 2.9 11.7 + 3.0 12.6 + 3.9

%
Wear measured in mg/shot; error given as sample standard deviation.
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fon results tor propellants with swmilar flame temperatoare:
ttoens, and rupture pressures arce collected below:

colblant Lrosion, mg/shot
238 .\II‘;{ S24 MPa

Ll 2 t 0.0

- 2.3 1.0

SRS 2.3t 0.0 TLuor 1.0

R 5.0 ¢ 0.9 4.1 00 0,0

N OAn 2 £ 0,9 1
- 2.5 £ 0.5 ;
0.9 ¢+ 1.1; 8.2 + 1.1 36.7 + 2.0; 44.3 £ 3.9 J
R- 3 5.7 £ 1. L1539+ 2.4

o 1.9 + 1.0

N W 3.6 1.5

1'm seneral, the other propellants fall in line with the nine propellants
tusted in this series, with the glaring exception of M>. fwo scparate
iats oor ML owere tested at 324 MPa to confirm the higher wear ratc relative
T the other propellants with a 5,300-K flame temperaturc., To further
rilustrate that the M5 anomaly is not confined to measurements at two
rupture pressures, Figurce 1 displays a semi-log plot of wear vs rupturce
Crossure for MO, HEP, M5, and MS propellants where one sces M also falls
ahove HEP conslstently. It is uncertain why M5 produces higher weuar rates
than HIFP or DBB-3, but it is clear that the differvence is not the result
1 carcless experiment at a given rupture pressure.

[V. CONCLUSIONS

I. The crosivity of three nitramine, double-base, and triple-hase
propellants cach with a flame temperature of 2,700, 3,000 and 3,300 K j
ere omeasured inoa blowout gun.  For a given flame temperature, the

crosivity increased with flame temperature.

. lhe crosivity of M5 propellant was measurcably higher than all
tacr propellants with the same flame temperature. No explanation exists K
Torothe difference at this time. i

20
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APPENDILIX A,
FIRING SEQUENCE FOR LROSTON sSTuby




* 1 AN\ vy | [
. I Ml cy G vl
D ol I 6 e
v AN o Tl T
. Il Gy Q e
- RS S Iy
SN ce [ §7
. -4l g : ot
< 1-4d e L 92
B 1-v\ c¢ o1 Ty
r_ 1-91 s¢ 9 -
< 1-44 2% 9 €z
0. 1-YN <¢ 6 Z¢
t_ 1-91 S¢ S 17
c_ [-84 < S iy 8. 23q 61
0. 1-VN €¢ 8 61
t- 1-41 s¢ t 81
S 1-4q re t L1
: 1-VN €¢ L 91 “
t: 1-91 39 < ST
Sz 1-9Q 2 ¢ t+1
L 1-VN c¢ 9 cr
_ tL 1-91 1y y z1
SL 1-14d ve Z 11
0z I-VN ¢¢ S 01
L 1-41 (mau)s¢ I 6
) S¢ 1-9a (Mau) ¢ I 8
| 0. 1-¥N c¢ t :
! w L 1-V¥N c¢ ¢ 9
0L 1-¥N c¢ y S
u 0L 1-¥N (mou)ce 1 t
popoad dw ¢¢ InOYdoY) L 1-VN 155 - ¢ Q. "aq s
] papodd w £r1 1noYdIY) 89 {11-08t) SKW e - -
papoud S ¢ I 100YI2Y) ) (11-081) <l 15 - 1 ®. 0o €1
JT0N T Canmy S3amn 2 (Adodg Ton D1ITov con apdurg “ov 10yg a1
SIS NOTRON T O DN IS NI




Ml le:
99 C-VN
z c-4dlL
cL ¢-4q
80 VN
P IN0Y23Y) 89 T-VN
1. c-4.L
c <-da
89 C-VN
L -4l
¢L ¢-4da
89 ¢-VN
1L c-4L
¢L ¢-4d
89 ¢-VN
1L -41L
¢L ¢-4d
89 Z-VN
1L 1-4915
¢L ¢-4d
89 ¢-VN
1L Z2-41
cL ¢-44d
89 ¢-VN
SL 1-91
0L 1-490
SL I-VN
0L 1-491
SL 1-90
0L T-VYN
vL 1-4.1
SL 1-40
210y 3 ‘ssew ofaeyn juerradoay

s S L9
LY 8 99
a¢ 8 gy
8¢ 8 o
LE L €9
9<¢ z 9
1¢ L 19
8¢ 9 v9
LS 9 68
9¢ 9 89
8¢ S LS
LS S 9%
9¢ S SS
8¢ %4 rS
LS 14 ¢S
9¢ v s
8¢ ¢ 1S
LS < 0S
9¢ < 6t
8¢ Z 8
LS 4 LY
9¢ < 27
(mou) g¢ 1 SY
{mou) /¢ 1 12
(mau) 9 1 ¢p
ve ¢l (44
¢ 91 it
1 2% cl or
¢e Sl 6¢
ve 11 ]¢
ce vl LS
Gg¢ 01 9¢
ve 0t S¢
*ON 9122ZON “oN atdueg “ON 104g

(p,2u0)) X(NLS NOISOYT ¥O4 HADNTINDUS ONTWI

6L

6L

8L

ue( ¢

23@d 0¢

231 61

aieq




— . . S ey v e oRTIETY

99 IN 68 r 001
99 IN 6¢ ¢ 66
99 IN 6% ¢ 86
99 {0979-v-1dd) IN 6¢ 1 LG
C. (T1-08t) SKW ot ¢ 96
CHT-1G = 104N UT 89 (11-08t) sW oy Z S6
POSD SO T T N (11-081) <N ot 1 6 6L Uvl 61
1 ¢-4dd or S €6
$9 €-V¥N 6< S 6
69 -4l 187 v 16
L £-4Q ov t 06
S9 €-V¥N 6¢ 12 68
69 $-41 17 ¢ 88
1L €-4d oY < L8
S9 €-VN 6S ¢ 98
69 ¢-d1 v rd S8
1L ¢-4a ov rd 8 -
S9 ¢-VN 6S rd €8 -
69 -4l (mou) 14 1 Z8
192 c-4d (mou)oyp 1 18
59 ¢-VN (mau) 6¢ 1 08 6L UBlL 6
1L Z-4L 8¢ 1 6L
€L Z-1da LS Z1 8L
89 Z2-¥N o¢ Z1 LL
1¢ Z-41 8¢ 11 9L
€L Z-1d LS 11 S/
89 Z-WN 9¢ 1 tL
1L Z-4L 8¢ 01 ¢L
€L Z-qa LS 01 L
89 -WN ¢ 01 1L
1L Z-4l 8¢ 6 0L
¢ Z-4a Le 6 69
%9 T-WN 9¢ 6 89 6. uer g
Aoy F 7 Canm aqan wieodorg SON ATTTON oy ordurg Ton J0us wivd

(P A0 D) WIS NOTSOM T MO TONTINGTTS 9N




<0 Y ag ¢ _el
1_ Tyl NS o 9¢ T
v T-41 v C1 sel
N RGN a¢ t1 e
GO C-gl It ST cel
1. c-g4 or qq zel
' N C-vN 6¢ St 161
A 69 c-g1 183 1 0T
w 1. - ot 1 61
€ c-yy 6¢ 1 821
69 c-g1 It c1 L21
1. c-4q or c1 921
€y c-v\ 6¢ €1 YA
69 c-q1 153 71 ZA
1. c-gq or Z1 £z1
€9 AN 6< Z1 zzt
69 c-g1 Ir 11 121
3 . c-qq ot 184 0z1
9 c-v¥\ 6¢€ 1 611 6L 924 ¢
[V}
69 c-q1 1t 01 811 "
1. c-q1 ot 01 LT
1 <9 c-yN 6¢ 01 911
69 c-g1 It 6 ST1
I c-4q or 6 P11
<9 c-y\ 6¢ 6 ST
69 c-q1 It 8 Z1T
T ¢-qu or 8 188
; 59 C-yN 6¢ 8 011
69 c-q1 It z 601
1. c-4qq or : 801
<y c-yy 6¢ ‘ LOT
69 c-q1 I+ 9 901
1. ¢-4q or 9 S0l
cg C-yN 6¢ 9 vO1
69 c-q1. r 5 €0t
99 IN 6¢ 9 701
99 1N 6¢ 5 101 6L uep 11
310 q ‘sseu sadry) qunadoay o8 D1zzoN “on orpdurg “ON 10Ug a1

PIUN)) LANLS NOTSONT HOA TONINDAS ONTYI




——— o o e

08 CeVy s 1 ¢l

ry ¢l I ¢ A

S ¢-dd ot S 1o1

S EAUN 6¢ ¢ 021

rs <-4l it hy 6ol

S <-4l or hy R9 1

O AN ¢ N 291

0N C-dll Ir | a91

S C-gd or 1 591

N <oV S 1 tor G G ]

SIS T4l Qu S cal

% R o < 701

°S Z-VN 9¢ S 191

.8 C-dl 8¢ v 091

eg c-40 i€ t 6S1

78 T-WN 9¢ t 851 )

L8 Z-dlL 8¢ < LST

g z-4d L€ ¢ 9S1

z 7-WN 9¢ ¢ SsT o

I8 z-91 8¢ hy rSI1 i

g z-4a LS z X

hy Z-WN 9¢ < zsT

: z-41 8¢ 1 1S1

cg c-4d LS 1 0ST

8 T-WN 9¢ 1 611

I z-41 8¢ L1 8t 1

¢ T-4a L€ L1 LT

89 T-WN 9¢ 8T 9t1

i z-4l 8¢ 91 apl

<L z-4a Le 01 t1

89 Z-VN 9¢ L Cr1 62 994 §

1. T-dlL 8¢ ST ot

¢ c-14 Le ST Irt

g9 T-¥N a¢ 91 0T

1 Tl Q¢ i1 6T

< c-t e bl Qe Go 40T
Lo RN vy radorg coy o “ons o1duieg EESINEE TS A1)

CPG T T N T HO T NN S DN T




g il o

aN OV N 4 olc
to RERITENAN Iy Y 600

08 0Cky g 5 {07 g
t6 CO0ER £ Los i
98 0¢N g¢ ¢ 907 .
6 TO0ER 1€ : S0z
98 A 8¢ ¢ FOT
r6 TO0SK 185 ¢ €07
98 0K 8¢ : T0zT
i r6 ZO0SH 165 y 102
98 0SW 8¢ I 002
6 ZD0EW 1£5 I 661 6. Q94 87 )
!
68 (11-08F) SKW ov I 861
W 68 SW 103 b L61
68 (11-08¢) SW o € 961 ;
68 SW {3 < S61 :
: 68 (1T1-08%) SW ot i v61
! 68 SW 1£5 4 ¢61 -
_ 68 (11-08%) SW or I z61 A
i 68 SW 1€ 1 161 6L 994 91
06 1-41 ¢ < 061
4 16 1-€0 v ¢ 681
S8 T-WN ¢ ¢ 881
06 1-41 s¢ z L81
6 1-4d re z 981
S8 T-¥N ¢ 4 S8l
06 1-4.1 S¢ 1 81
16 1-90 re 1 £81
S8 T-W\ ¢¢ 1 781
8 ¢4 Tt 9 181
L8 ¢-4a or 9 081
08 AN 6¢ 9 6L1
8 ¢-q1 153 S 8.1
8 <-4 ot S LL1
08 ¢-YN 6¢ S 9.1
8 c-q] r r S/1
L8 ¢-4a ot i tL1 G4 991 ST
330N § Fssew adxeyn Juejtodosy “oN a[rzon “on ardueg “oN 10U AIrqg

(P, 3UOH) LINLS NOTSO¥T HO:d AININDIS ONTYTH




e

APPENDIX B.
Pressure vs Time tor Lach Propeliant Ficed in this Test Series.

{09 M per division (vertical)|
[2 ms per division (horizontal) |
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SHOT NUMBER: 6
PROPELLANT: N-1
CHARGE WEIGHT: 70 grams
DISKS: 2




SHOT NUMBER: 7
PROPELLANT:  TB-1
CHARGE WEIGHT: 74 grams
DISKS: 2

.
canie oo, o
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SHOT NUMBER: 25
PROPELLANT: DB-1
CHARGE WEIGHT: 75 grams
DISKS: 2

1




SHOT NUMBER:

PROPELLANT:  N-
CHARGE WEIGHT: 08
DISKS: 2




SHOT NUMBER: 44
PROPELLANT: DB-2
CHARGE WEIGHT: 73 grams
DISKs: 2




SHOT NUMBER: 54
PROPELLANT: TB-2
CHARGE WEIGHT: 71 grams
DISKS: 2
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SHOT NUMBER: 99
PROPELLANT: PPL-A-6260 (HFP)
CHARGE WEIGHT: 66 grams
DISKS: 2

J6




SHOT NUMBER: 106
PROPELLANT: TB-3
CHARGE WEIGHT: 69 grams
DISKS: 2




SHOT NUMB™R 108
PROPELLAN1: DB-3
CHARGE WEIGHT: 71 grams
DISKS: 2
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SHOT NUMBELR: 116
l PROPELLANT: N-3
CHARGE WEIGHT: 65 grunms
DISKRS: 2




SHOT NUMBER:
PROPELLANT :
CHARGL WEIGIHT :
DISKS:

a0

155

N-2

82

3

grams

HORIZ

2
mg




SHOT NUMBER: 1506
PROPELLANT: DB-2
l CHARGE WEIGHT: 85 grams 4
DISKS: 3




SHOT NUMBER: 160
PROPELLANT: TB-2
CHARGE WEIGHT: 87 grams
DISKS: 3
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SHOT NUMBER:
PROPELLANT:
CHARGE WEIGHT:

thos . -




SHOT NUMBER: 169
PROPELLANT: TB-3
CHARGE WEIGHT: 84 grams
DISKS: 5
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SHOT NUMBLR:
PROPELLANT :
CHARGE WEIGHT:
D1SKS:

N

A

170
N-3

0 grams




SHOP NUMBLR: 152
PROPELLANT . N-1
CHARGE. WETGHTT . S5 cries
DESKS: 5




SHOT NUMBER: 184
PROPELLANT: TB-1
g CHARGE WEIGHT: 90 grams
; DISKS: 3




gy ; : ' j : T ———— . T

SHOT NUMBLR: 186
PROPELLANT: DB-1
CHARGE WEIGHT: 91 grams
DISKS: 3
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SHOT NUMBER: 196
PROPELLANT: RAD-PE-480-11 (M5)
CHARGE WEIGHT: 89 grams
DISKS: 3
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SHUT NUMBER: 195
PROPELLANT:  RAD 64592 (M5)
] CHARGE WETGHT: 89 grams

DISKS: 3




SHOT NUMBL

PROPELLANT:
CHARGE WETGHT:
MISKS:

R: 200
R-29 (M30)
80.4 grams

D



SHOT NUMBLER: 201

PROPLLLANT
CHARGE WETGHT:
DISKS:

M30C2
93,8 grams
3
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